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Abstract 

Background: Numerous social factors, generally studied in isolation, have been associated with older adults' health. 
Even so, older people's social circumstances are complex and an approach which embraces this complexity is 
desirable. Here we investigate many social factors in relation to one another and to survival among older adults 
using a social ecology perspective to measure social vulnerability among older adults. 

Methods: 2740 adults aged 65 and older were followed for ten years in the Canadian National Population Health 
Survey (NPHS). Twenty-three individual-level social variables were drawn from the 1994 NPHS and five Enumeration 
Area (EA)-level variables were abstracted from the 1996 Canadian Census using postal code linkage. Principal 
Component Analysis (PCA) was used to identify dimensions of social vulnerability. All social variables were summed 
to create a social vulnerability index which was studied in relation to ten-year mortality. 

Results: The PCA was limited by low variance (47%) explained by emergent factors. Seven dimensions of social 
vulnerability emerged in the most robust, yet limited, model: social support, engagement, living situation, self-esteem, 
sense of control, relations with others and contextual socio-economic status. These dimensions showed complex 
inter-relationships and were situated within a social ecology framework, considering spheres of influence from the 
individual through to group, neighbourhood and broader societal levels. Adjusting for age, sex, and frailty, increasing 
social vulnerability measured using the cumulative social vulnerability index was associated with increased risk of 
mortality over ten years in a Cox regression model (HR 1 .04, 95% Cl:1 .01 -1 .07, p = 0.01 ). 

Conclusions: Social vulnerability has important independent influence on older adults' health though relationships 
between contributing variables are complex and do not lend themselves well to fragmentation into a small number 
of discrete factors. A social ecology perspective provides a candidate framework for further study of social 
vulnerability among older adults. 

Keywords: Social vulnerability, Social ecology, Social isolation, Frailty, Frail elderly, Survival, National Population 
Health Survey, Canada 



Background 

Social factors and older age: What is social vulnerability? 

This paper aims to develop this concept of social vulner- 
ability in old age and to situate it in the context of a 
human ecology theoretical framework. We then apply a 
theoretical model based on an ecological perspective of 
social vulnerability to an analysis of data from a longitu- 
dinal health survey of older Canadians. 
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"Social vulnerability" can be broadly understood as the 
degree to which a person's overall social situation leaves 
them susceptible to health problems, where "health 
problems" are broadly construed to include physical, 
mental, psychological and functional problems [1-5]. Con- 
sidered in the inverse, social reserve would be the degree 
of resilience that a well-connected and supportive social 
situation might impart. Though potentially relevant for 
people of all ages, social vulnerability is particularly im- 
portant for older persons for a number of reasons. Firstly, 
there is growing evidence (briefly reviewed below) linking 
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social circumstances in older age to health outcomes. Sec- 
ondly, current policy contexts promote aging in place and 
care in the community despite the potential for dwindling 
social networks as one ages (due to frailty and death of 
friends and family members) and greater difficulty partici- 
pating in social activities (due to health and functional 
challenges) [1,6]. 

Social factors and health 

Many social factors, including socioeconomic status (SES), 
deprivation, social support, social isolation or exclusion, 
social networks, social engagement, mastery and sense of 
control over life circumstances, social capital, and social 
cohesion have the potential to influence older adults' 
health [1]. The literature in the field is substantial and 
expanding; key findings relating to social influences on 
older adults' health are reviewed here. 

SES, when considered broadly to include such factors 
as educational attainment, occupation and income, may 
influence older adults' health in different ways; material 
deprivation, education-related health behaviours, and 
social/occupational status are three key proposed mecha- 
nisms [7]. For example, lower SES has been shown to 
predict cognitive decline independent of biomedical co- 
morbidity [8]. Lower SES and living alone have been as- 
sociated with increased risk of falls [9], and lower SES 
has also been identified as a predictor of frailty [10]. 
Subjective income adequacy was strongly associated with 
self-rated health in a study of community-dwelling Finnish 
older adults [11]. Self-perceived income adequacy was 
found to be a robust measure of SES in the Survey of 
Health, Ageing and Retirement in Europe, with the caveat 
that the oldest old (age 80+) may tend to underestimate 
their degree of financial difficulties [12]. The Whitehall 
studies of British civil servants identified a survival gradi- 
ent across the occupational hierarchy that was closely 
correlated with SES [13]. Differences in health across the 
occupational hierarchy have also been linked to social 
status and occupational mastery/empowerment in what 
Marmot has described as a "status syndrome" [14]. 

SES is a property of individuals, but aggregate mea- 
sures such as average neighbourhood income/deprivation, 
educational attainment and unemployment rates are use- 
ful for describing the social contexts in which people 
live and to allow study of so-called contextual effects on 
health. For example, neighbourhood-level SES has been 
associated with older adults' cognitive function even once 
differences in individual SES are taken into account [15]. 
Neighbourhood-level deprivation has also been associated 
with incident mobility impairment and slow gait speed 
independent of individual SES and health status [16]. 

Availability of social supports has been associated with 
improved survival among older adults [17]. Emotional 
social support has also been identified as a predictor of 



better cognitive function [18]. Lack of social support has 
been identified as a risk factor for frailty [10] and care 
home placement [19]. Richer social networks have been 
associated with improved survival [20-22], lower inci- 
dence of dementia [23], reduced functional impairment 
[24], and delayed onset of physical disability among older 
adults [25]. Higher life satisfaction with social circum- 
stances was associated with less depressive symptoms, 
lower disability and better cognition in the Manitoba Study 
of Health and Aging [26]. Social disengagement among 
older adults has been associated with incident cognitive de- 
cline [27] and increased disability [28]. 

Social capital is also important for health. Social capital 
can be understood to be a property of the links between 
people and communities [29-31]; for example Putnam has 
described social capital as "the features in our community 
life that make us more productive - a high level of en- 
gagement, trust, and reciprocity" (p.4) [32]. As an example 
of its impact on health, high social capital, defined by high 
levels of trust and volunteerism in communities, has been 
linked with reduced mortality [33,34]. Among older 
adults, high social capital (including engagement in group 
activities and trust in others) has been associated with 
higher levels of function and better self-assessed health 
[24] . Social capital has also been highlighted as an import- 
ant issue for Public Health [33-36]. 

In addition to the associations with health outcomes 
reviewed above, social factors show important associa- 
tions with mortality. For example, higher levels of per- 
ceived social support and social interaction have been 
associated with reduced mortality in community-dwelling 
older adults [17]. In the Alameda County study, partici- 
pants with stronger social networks lad reduced mortality 
over nine years [20]. Seventeen-year follow-up data from 
the same study found that social conectedness predicted 
better survival at all ages, including those aged 70 and 
older [21]. Late-life social engagement has been associated 
with improved survival [37]. The Whitehall studies identi- 
fied an impressive gradient in survival across levels in the 
occupational hierarchy; this gradient persisted after retire- 
ment among 70-89 year olds [13,14]. Ecological (collective- 
level) analyses using multilevel modeling have also linked 
high social capital, defined by high trust and membership 
in voluntary associations, with reduced mortality at state 
and neighbourhood levels in the United States [33,34]. 

As these examples illustrate, social influences on older 
adults' health are both broad and diverse. Given this 
complexity, they also have the potential to merge and 
interact in complex and possibly unforeseen ways to cre- 
ate the "big picture" of social environments and circum- 
stances in which individuals and communities live and 
exist. Despite this (and perhaps because of it, where sim- 
plicity has been seen as desirable), individual social fac- 
tors have tended to be studied in isolation. While this 
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adds to our understanding of which factors independ- 
ently influence health outcomes, the big picture may be 
compromised by this artificial fragmentation. Oversim- 
plification also brings with it the risk of misclassification. 
For example, in a study of the health impact of living 
alone, should an older person who is truly isolated with 
little support from family and friends be assigned the 
same risk state as one who compensates well with rich 
social networks and community engagement? 

The level of influence at which the various social fac- 
tors act and are measured is also important. Some social 
factors which contribute to overall social vulnerability 
are properties of individuals (such as educational attain- 
ment and income). Others are relevant at the group 
level, inhabiting a spectrum from the close family unit 
{e.g. marital status, living situation and family caregiving) 
through to wider peer groups (e.g. engagement in group 
activities), neighbourhood influences (e.g. neighbourhood 
deprivation), and the social cohesion of societies [1]. 

The diversity in social factors that are important for 
health, and the fact that they are relevant across the 
individual-to-group continuum, underscores the need for 
an integrated and comprehensive perspective of social in- 
fluences on health. The main aim of this paper is therefore 
to explore the construct of social vulnerability and to 
present a conceptual framework which captures its rela- 
tional dimensions. 

Health and functional status are clearly important to 
any consideration of social vulnerability; the comprehen- 
sive construct of frailty is useful in this regard. There are 
many possible views and definitions of frailty [38-40]. 
While there is some controversy on the subject in the 
literature, each definition commonly considers frailty 
in terms of vulnerability. Some view frailty as a purely 
physical phenomenon; the frailty Phenotype defines frailty 
in terms of five characteristics (weakness, weight loss, ex- 
haustion, inactivity, and slow walking speed; those with 0 
phenotypic criteria are said to be non-frail, those with 1-2 
are pre-frail and those with 3 or more are frail) [41-43]. 
Here, frailty is understood more broadly using another 
widely-used conceptualization in which frailty is under- 
stood as a state of susceptibility comprising illnesses, 
symptoms, and functional impairments which we have op- 
erationalized using a deficit accumulation approach; the 
number of problems that an individual has are summed to 
create a frailty index measure [43-45] . 

Theoretical perspective 

As we have seen, social vulnerability can be considered 
at various levels of influence from individual to close 
family, wider network, and societal context. A frame- 
work that explicitly considers these different levels of 
influence is therefore desirable. The human ecology per- 
spective, originally proposed by Bronfenbrenner (1979), 



offers a conceptual frame which captures the inter- 
dependence of social factors and the contextual circum- 
stances [46] that may seen as contributing to and/or 
mitigating social vulnerability. Bronfenbrenner (1979) de- 
scribed a system of nested interconnected layers of influ- 
ence from the individual (molar) level through the "dyad, 
role, setting, social network, institution, subculture, and 
culture" (p. 8), and argued that this explicit consideration 
of the individual within micro- and macro-systems allows 
basic science and public policy to be reciprocally inte- 
grated (rather than having a one-way informing of policy 
by basic science) [47]. 

A criticism of the ecological perspective claims that it 
is a static and rigid descriptive model that is not suffi- 
ciently responsive to change over time [48]. If this were 
true, this would pose a problem for the conceptualization 
of social vulnerability, which is inherently dynamic and 
subject to changes in circumstances over both short term 
(e.g. death of a spouse or caregiver or sudden changes in 
an individual's need for support that may or may not be 
met within their support network) and long term (e.g. 
gradual weakening of a social network, gradual declines in 
ability to engage in peer social groups). Bronfenbrenner 
later addressed this criticism by adding chronosystems, 
the dimension of time, to capture the effects of change 
and continuities. Chronosystems are typically conceived as 
life transitions - an important thrust that intersects with 
other systems. We agree that the ecological framework 
is best understood as a dynamic model. Changes can 
occurs over time and the model can be modified through 
directed intervention aimed at mitigating/reducing social 
vulnerability. 

Various mechanisms have been proposed to explain 
how social factors might affect health; as these are active 
across various levels of influence, the social ecology per- 
spective provides a useful framework for their consider- 
ation. Broadly speaking, these include four main groups. 
Notably, no single mechanism explains all of the ob- 
served variance, which once again highlights the com- 
plexity involved. Physiological factors clearly play a role. 
Chronic and sustained stress responses exert powerful 
effects on health through complex hormonal regulatory 
systems including activation of hormonal axes and ef- 
fects on immune function [49]. Behavioural factors are 
also at play. Health-related behaviours such as diet, 
smoking, exercise and substance use are associated with 
social conditions (e.g., SES and related opportunities, 
norms within social networks and communities) have 
important influences on health [50]. There are also clear 
material influences. SES and social support networks 
clearly affect access to goods and services. This access 
accrues in three broad ways: through financial resources 
("what you have"), social status ("who you are"), and so- 
cial contacts ("who you know") [1]. Finally, psychological 
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factors also play an important role. Self-efficacy and 
adaptive coping strategies are important for health. For 
example, low self-efficacy (having low confidence in 
one's abilities) is associated with fear of falling, with im- 
portant functional and mobility ramifications for older 
people [51] and also predicts functional decline in older 
people with impaired physical performance [28]. These 
factors have important influences at various levels from 
the individual to families, wider peer groups, institutions 
and societies, lending support to the usefulness of an 
ecological frame of reference. 

Given our explicit focus on social factors from both in- 
dividual and neighbourhood levels of analysis within this 
framework, we refer to it hereafter as a social ecology 
perspective. In doing so, we aim to acknowledge the 
agency of older persons themselves in the dynamic in 
play among the different layers of individual, family/peer 
group, community and society [48]. Conceptualizing so- 
cial vulnerability within a social ecology framework, this 
study constructs and populates an ecological model of 
social vulnerability with empirical data. We then use this 
theoretical framework to discuss potential interventions 
at the various levels of influence (from individual to 
societal) that may be helpful in efforts to reduce social 
vulnerability among older people. 

Methods 

Sample 

The National Population Health Survey (NPHS) is a 
longitudinal panel survey of Canadian residents of all 
ages administered by Statistics Canada. The sample was 
stratified according to geographic and socio-economic 
characteristics and clustered by Census Enumeration 
Area. Residents of aboriginal Reserves, Canadian Forces 
Bases, and some remote areas of Northern Canada were 
excluded from the NPHS. The survey was based on self- 
report or proxy-respondent interviews, and no clinical 
measures or biological samples were collected. The base- 
line data collection was in 1994, and the same sample 
was followed for ten years to determine survival. The re- 
sponse rate for all ages in the baseline cycle was 83.6%. 
2740 participants in the NPHS panel sample were aged 
65 or older at baseline in 1994 and were followed for 
10 years; these individuals comprised the sample for 
this analysis. Ten-year survival status was determined 
through linkage to the Canadian Vital Statistics Database 
and was available for all of these 2740 participants. 
Analyses were weighted in order to account for the NPHS 
design and sampling methodology [52,53]. 

Measures 

Individual-level variables 

Self-report variables pertaining to social factors with plaus- 
ible health associations based on literature reviews were 



identified in the NPHS dataset [1,2]. Items were selected 
based on face validity with the aim of including as many 
diverse social factors as possible, given the aim of cap- 
turing complexity. We aimed to include as many items 
as possible from the NPHS dataset relating to socioeco- 
nomic circumstances and well as social support, en- 
gagement in community life, relationships with others 
and how participants subjectively perceived their social 
circumstances. Twenty-three individual-level social vari- 
ables (plus five neighbourhood-level variables as de- 
scribed below for a total of 28 social variables) were 
indentified and included in our analyses (Table 1). Each 
variable was coded in terms of potential social "deficits" 
such that respondents were assigned a score of 0 if the 
deficit was absent and 1 if it was endorsed, with inter- 
mediate values applied in the case of ordered response 
categories [2]. For example, an individual scored 1 on 
the "living alone" deficit if he/she reported living alone, 
and 0 if he/she did not. On the "how often do you par- 
ticipate in group activities" item, which had five re- 
sponse categories, possible scores were 0 if the answer 
was "at least once a week", 0.25 for "at least once a 
month", 0.5 for "at least 3 or 4 times a year", 0.75 for 
"at least once a year" and 1 for "not at all". In this way, 
vulnerability on each item was mapped to the 0-1 inter- 
val and the scores were summed and divided by the 
total number of deficits considered to create a sum- 
mary social vulnerability index. Emergent factors from 
a Principal Component Analysis (PCA) were identified 
as domains of social vulnerability. The 0-1 scores for 
the social variables that loaded onto each of these 
emergent factors were summed for each NPHS partici- 
pant to generate a measure of his or her vulnerability 
for each domain. 

Individual-level covariates considered were age, sex, 
educational attainment and frailty. Age was measured in 
years, with the entire sample being aged 65 or older. Sex 
was included with the aim of investigating and account- 
ing for gender differences in social vulnerability and sur- 
vival. Previous work with the social vulnerability index 
has found that women are more socially vulnerable than 
men, though women have greater survival [2]. Educational 
attainment was measured using the Statistics Canada 
four-level derived variable (less than secondary schooling, 
secondary school completed, some post-secondary educa- 
tion, and completed post-secondary education). Although 
education was included among the social variables in the 
PCA, it did not load onto any one domain and was not in- 
cluded in the composite social vulnerability index. Due to 
the a priori relevance of age, sex, educational attainment 
and frailty, all four were included as covariates in regres- 
sion models. 

The frailty index comprised 35 health deficits, includ- 
ing sensory and functional impairments, symptoms, and 
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Table 1 Principal component analysis with seven emergent factors 

7 factors Rotated Component Matrix(a) 



Component 





1 


2 


3 


4 


5 


6 


7 




ClitJdLJClllClll 


l_Ull icAlUdl 

SES 


support 


situation 


JCI 1 Ci ICCl 1 1 


Sense of 
control 


others 


Frequency of group engagement 


.927* 


-.037 


-.022 


-.032 


.021 


.006 


.063 


No group engagement 


.917* 


-.029 


-.018 


-.003 


-.006 


.013 


.050 


Attending religious services 


.471* 


.065 


.141 


.056 


-.035 


-.018 


.138 


Physical leisure activities 


.311* 


-.223 


.043 


.151 


.246 


.032 


-.056 


EA income 


.004 


.783* 


-.010 


-.106 


.014 


-.021 


-.195 


EA education 


.000 


.735* 


-.022 


.002 


-.076 


-.010 


.264 


EA inequality 


.034 


-.704* 


.054 


.001 


-.046 


-.029 


-6.15E-005 


EA unemployment 


.015 


.582* 


.049 


.007 


.010 


-.059 


-.147 


Support: advice 


.055 


-.012 


.736* 


.039 


-.065 


.109 


.011 


Support: help in a crisis 


.019 


-.019 


.713* 


-.061 


.008 


.025 


-.014 


Support: someone to confide in 


.061 


-.027 


.680* 


-.107 


.001 


.136 


.006 


Support: someone to make you feel loved 


.033 


-.006 


.583* 


.196 


.119 


.020 


.002 


Frequency of contact with relatives 


-.017 


.030 


.372* 


.151 


.039 


-.121 


.216 


Lives alone 


.018 


-.035 


.076 


.940* 


-.008 


.046 


-.036 


Marital status 


.054 


-.051 


.057 


.937* 


.013 


.053 


-.016 


Worth equal to others 


-.012 


-.018 


.022 


.025 


.846* 


-.016 


.032 


Positive attitude towards self 


.014 


.027 


.046 


-.032 


.841* 


.086 


.082 


Too much expected of you by others 


-.122 


.007 


.016 


-.030 


-.059 


.566* 


.026 


Want to move but cannot 


.050 


-.001 


.036 


-.008 


.074 


.560* 


.150 


Not enough money to buy the things you need 


.067 


-.083 


.039 


.004 


.006 


.524* 


-.101 


Little control over things that happen 


.078 


-.025 


.046 


-.015 


.263 


.488* 


-.207 


How often have people let you down 


-.011 


.045 


.115 


.127 


-.003 


.462* 


.176 


Noisy/polluted neighbourhood 


-.004 


-.064 


-.106 


.044 


-.087 


.392* 


.360 


Frequency of contact with neighbours 


.092 


.029 


.147 


-.053 


.120 


.067 


.555* 


EA caregiving for seniors 


.001 


.149 


.025 


-.065 


.128 


.006 


-.500* 


Frequency of contact with friends 


.274 


-.012 


.24 1 


-.195 


.091 


.049 


.405* 


Education 


.262 


-.344 


.017 


-.069 


.166 


.148 


-.386 


Ability to speak English or French 


.070 


.003 


-.012 


-.026 


.084 


.047 


.178 



Each variable's factor loading is indicated by *. 

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization. Rotation converged in 6 iterations. 
EA = Enumeration Area. 



illnesses, with coding analogous to the social vulnerabil- 
ity index described above. As such, the frailty index is 
based on a count of health deficits, and represents the 
number of health-related problems that a person has as 
a proportion of the total number of deficits considered 
in the index. The NPHS frailty index has been previously 
validated, and is robustly predictive of mortality [44]. 
The frailty index approach has been applied in many set- 
tings, across multiple populations and countries, and 
demonstrates remarkably consistent properties. For ex- 
ample, frailty increases with age as deficits accumulate at 



an average rate of three percent per year, women have 
higher frailty than men at all ages (but show better sur- 
vival at any given level of frailty), and frailty is more ro- 
bustly predictive of mortality than chronological age 
[44,54]. There are also preserved and reproducible limits 
to how frail people can become [55]. The frailty index 
shows consistency and convergent validity with other 
measures of frailty and comorbidity, though has in- 
creased potential for predictive discrimination between 
grades of frailty [43,56,57]. The deficit accumulation ap- 
proach employed by both the frailty index and the social 
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vulnerability index reduces dimensionality and allows 
much information to be included in statistical models 
without having many separate parameters, which can 
otherwise lead to problems with multiple colliniarity and 
model instability. 

Neighbourhood-level variables 

Recognizing the need to include macro-level contextual 
variables, a series of socioeconomic and socio-demographic 
characteristics of neighbourhoods were constructed by 
postal code linkage of individual participants to their 
Enumeration Area (EA) of residence using the Canadian 
Census. Group level variables considered were aggregate 
income, education, income inequality, and unemployment. 
Given our focus on older adults, we also included an ag- 
gregate measure of caring for seniors. Linkage of individ- 
ual participants in the NPHS to the aggregate variables 
describing their neighbourhoods was done using the 
Statistics Canada Postal Code Conversion File "plus" 
(PCCF+), which has been designed to rigorously assign 
postal codes to geographical areas units based on the best 
available data with built-in troubleshooting and detection 
of errors [58]. The 1996 census was chosen to be as 
closely contemporaneous to the time of data collection as 
possible. EAs (which have subsequently been renamed 
"Dissemination Areas" since the 2001 census) are the 
smallest units of census geography aggregation for which 
data are released, and include an average of 400-700 indi- 
viduals [59]. Both the PCCF + and the raw census data 
were obtained through the Statistics Canada's Data Liber- 
ation Initiative, which facilitates access to data for aca- 
demic use [60] . Characteristics of the EAs were based on 
a 20 percent subsample of residents who completed a 
more detailed "long form" census questionnaire, and 
were downloaded using the online Census Data Analyser. 
For the purposes of the present analysis, each EA was 
assigned to a quintile for each of income, income in- 
equality, education, unemployment, and caregiving for 
seniors based on the raw counts for each EA reported in 
the census. 

Income quintiles were based on within-area comparisons 
rather than on national absolute values. This was done in 
order to take regional differences in income norms and 
cost of living into account. This variable has been previ- 
ously developed and used for the Canadian Census, and 
was obtained from the author of the PCCF + [58]. Coding 
was such that 1 represented the lowest income quintile 
and 5 the highest. Income inequality quintiles were gener- 
ated from the standard error of income within each EA. 
Income inequality was coded such that 1 was the most 
unequal and 5 the most equal. Income inequality was 
examined because of evidence from other studies that 
inequality, even within neighbourhoods, can have nega- 
tive consequences for health [61,62]. The proportion of 



unemployment among census respondents aged 25 years 
and over was used to divide EAs into quintiles of un- 
employment from 1 (lowest unemployment) to 5 (highest). 
Educational attainment within the EA was calculated based 
on the proportion of adult respondents who reported hav- 
ing completed high school. Each EA was assigned a quintile 
of educational attainment coded from 1 (lowest proportion 
of high school completers) to 5 (highest). 

The caregiving for seniors variable took into account 
both the number of adult respondents who reported 
having provided any regular unpaid care to an older per- 
son (as a proportion of the total adult population of the 
EA) and the proportion of the EAs population that was 
over the age of 65. Each EA was assigned a weight in re- 
lation to the mean 65+ population for all EAs, such that 
EAs with a larger proportion of seniors would have a 
weight value >1, and those with fewer seniors as a pro- 
portion of their total population would have a weight <1. 
This allowed the proportion of respondents who re- 
ported themselves as care-providers to be adjusted for 
the ambient numbers of seniors by dividing by the 
senior population weight. This was done in order to 
ensure that the caregiving variable measured altruistic 
caregiving behaviour rather than just providing a meas- 
ure of the relative numbers of seniors "available to be 
cared for" in each EA. 

Missing data 

Complete data for the social vulnerability variables was 
available at baseline for 2058 individuals; 682 were miss- 
ing data for at least one social variable. Those who had 
missing social data were older (p = 0.01) and more frail 
(p = 0.05). Individuals with complete data for some but 
not all social vulnerability domains were included in as 
many of the analyses as possible. Because of this effort, 
the total numbers included in the analyses of each do- 
main were slightly different. The total numbers with 
complete data for each covariate and domain were as 
follows: Age and Sex N = 2740, Educational attainment 
N = 2728, Frailty N = 2655, Engagement N = 2534, Con- 
textual SES N = 2419, Social support N = 2529, Living 
situation N = 2740, Self-esteem N = 2512, Sense of con- 
trol N = 2490, and Relations with others N = 2204. 

Statistical methods 

First, factor analysis was conducted using SPSS 15.0 in 
order to understand how vulnerability variables organize 
into specific domains. Factor loadings were calculated 
using Principal Component Analysis with Varimax rota- 
tion. Seven factors were specified based on examination 
of the scree plot, as there was diminishing contribution 
from additional factors after the first seven (for example, 
14 factors would be required to explain 70% of the 
variance). Next, an exploratory analysis using descriptive 
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and regression analyses were done using Stata 10.1, As- 
sociations of each dimension with age, sex, frailty, and 
education, were studied using linear regression models 
in order to obtain a more holistic view of the interrela- 
tionship of individual domains. Regression models rather 
than zero order correlations were used in order to allow 
adjustment for relevant covariates. 

In order to link these results to health outcomes, we 
assessed the association between social vulnerability and 
all-cause mortality. In the summed social vulnerability 
index and mortality we aimed to re-assemble the do- 
mains of social vulnerability into a combined measure. 
Associations between social vulnerability index and sur- 
vival were tested using logistic and Cox regression models. 
All regression models were adjusted for covariates with a 
priori significance (age, sex, frailty, and education). In 
order to ensure that the underlying assumptions of Cox 
regression were not violated, the proportionality of haz- 
ards assumption was tested graphically using Schoenfeld 
residuals. Proportional sampling weights were used to ac- 
count for sample design [52] . 

Ethics and data access 

The NPHS was conducted by Statistics Canada and was 
approved by the Statistics Canada ethics review process, 
with participants providing informed consent. For these 
analyses, NPHS datasets were accessed through an 
agreement with the Statistics Canada's Atlantic Regional 
Data Centre, which obliged the author (MKA) to operate, 
for these purposes only, as a "deemed employee" of 
Statistics Canada. Statistics Canada officials reviewed the 
analyses to ensure that confidentiality had not been brea- 
ched. Secondary analyses were approved by the Research 
Ethics Committee of the Capital District Health Authority, 
Halifax, Nova Scotia. 

Results 

The mean age was 73.4 years (95% CI: 73.0-73.7), and 57 
per cent of the sample were women. Educational attain- 
ment was low, with 54 per cent of the sample having 
attained less than secondary schooling. The mean frailty 
index score in this sample of community-dwelling older 
adults was 0.11 (95% CI: 0.10-0.11), which, according 
to published cut-offs of 0.2-0.25, is not frail [43,63] 
(Table 2). The distributions of variables included in the 
Social Vulnerability Index are summarized in Table 2 to 
indicate the burden of vulnerability attributable to each 
item. At 10 years, 1437 (52%) of the 2740 individuals in 
the sample had died. 

Seven factors emerged from the Principal Component 
Analysis, explaining 47.0 per cent of the total variance 
(Table 1). As outlined in Table 1, the seven dimensions 
were self-esteem, sense of control, living situation, en- 
gagement in social activities, social support, relations 



Table 2 Description of sample (all results weighted to 
reflect sampling methodology) and of variables included 
in the Social Vulnerability Index 

Variable 

Age 

Gender (female) 
Frailty index 
Education 

Less than secondary school graduation 

Secondary school graduation 

Some post-secondary 

Post-secondary graduation 
Frequency of group engagement 
No group engagement 
Attending religious services 
Physical leisure activities 
EA income 
EA education 
EA inequality 
EA unemployment 
Support: advice 
Support: help in a crisis 
Support: someone to confide in 
Support: someone to make you feel loved 
Frequency of contact with relatives 
Lives alone 
Marital status 
Worth equal to others 
Positive attitude towards self 
Too much expected of you by others 
Want to move but cannot 
Not enough money to buy the things you need 
Little control over things that happen 
How often have people let you down 
Noisy/polluted neighbourhood 
Frequency of contact with neighbours 
EA caregiving for seniors 
Frequency of contact with friends 
Ability to speak English or French 



Mean (95% CI) or % 

734 (73.0-73.7) 
57% 

0.11 (0.10-0.11) 

54.1% 
1 2.8% 
1 6.3% 
1 6.9% 

0.68 (0.66-0.71) 
0.58 (0.56-0.61) 
0.46 (0.44-0.49) 
0.67 (0.65-0.68) 
0.56 (0.54-0.58) 
0.52 (0.50-0.54) 
0.49 (0.48-0.51) 
0.51 (0.49-0.52) 
0.11 (0.09-0.13) 
0.05 (0.04-0.06) 
0.17 (0.15-0.19) 
0.03 (0.02-0.04) 
0.15 (0.14-0.16) 
0.31 (0.29-0.33) 
0.41 (0.39-0.43) 
0.15 (0.14-0.16) 
0.17 (0.16-0.17) 
0.13 (0.12-0.15) 
0.10 (0.09-0.12) 
0.18 (0.16-0.20) 
0.37 (0.36-0.39) 
0.25 (0.24-0.26) 
0.06 (0.05-0.08) 
0.29 (0.27-0.31) 
0.48 (0.46-0.50) 
0.26 (0.25-0.28) 
0.04 (0.03-0.05) 



EA = Enumeration Area. 

with others, and contextual SES. Two variables, educa- 
tional attainment and language (ability to speak English 
or French) did not load onto a single factor. Figure 1 
shows the seven dimensions of social vulnerability situ- 
ated within the social ecology framework, with the iden- 
tified dimensions of social vulnerability located across 
spheres of influence from the individual, to close family 
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Figure 1 Dimensions of social vulnerability situated within the 
ecological model of social vulnerability. The seven emergent 
dimensions of social vulnerability (in italics) are situated within the 
ecological framework, which includes spheres of influence from the 
individual, to close family and friends, wider peer groups, 
institutions, community, and society. 



and friends, wider peer groups, institutions, community, 
and society. Of note, some dimensions span spheres, 
whether adjacent (in the case of living situation, which 
incorporates individual as well as close family spheres) 
or more distant (as is the case for engagement with 
others, which is relevant for both the family and friends, 
as well as neighbourhood/community spheres). 

Vulnerability in each dimension was explored in rela- 
tion to the four covariates considered: age, sex, education, 
and frailty (Table 3). Women reported lower vulnerability 
in social engagement and social support, but were more 
vulnerable in terms of their living situation (living alone 
and/or being single or widowed) (p < 0.001). Vulnerability 
in living situation and in sense of control increased with 
increasing age (both p < 0.001). Higher levels of frailty were 
associated with more vulnerability in the engagement, 
sense of control, and self-esteem dimensions (all p < 0.001). 
Older adults with lower education reported more vul- 
nerability in four of the domains: engagement, sense of 
control, contextual SES (all p < 0.001) and self-esteem 
(p = 0.01). 

Adjusting for age, sex, and frailty, increasing social 
vulnerability as measured using the cumulative social 
vulnerability index was associated with increased odds of 
mortality over ten years in a logistic regression model 
(OR 1.05, 95% CI: 1.00-1.10, p = 0.04). These results 
mean that for every additional social deficit, an individ- 
ual's odds of mortality increased by 5%. Similar results 



were obtained using Cox regression (HR 1.04, 95% 0:1.01- 
1.07, p = 0.01). 

Discussion 

We identified seven dimensions of social vulnerability 
(self-esteem, sense of control, living situation, social sup- 
port, engagement, relations with others, and neighbour- 
hood SES) in a sample of 2740 older Canadians and 
situated them within a social ecology framework of so- 
cial vulnerability. The low percentage of variance ex- 
plained by the seven dimensions is a limitation of our 
study and reflects the challenge of parsing many very 
different contributing factors to overall social vulner- 
ability (from self esteem to SES to social supports and 
engagement) into distinct domains. As a result, one im- 
portant interpretation of our findings is that a deficit ac- 
cumulation approach, or social vulnerability index, is 
more appropriate for the conceptualization and study of 
social vulnerability. Nevertheless, our attempt at factor 
analysis does illustrate that inter-relationships between 
the social variables that contribute to overall social vul- 
nerability have complex inter-connections. The factor 
loadings are far from clean-cut and thus do not tell a 
simple tale - individual variables load onto different do- 
mains, again illustrating their complex interrelationships. 

Exactly which factors should contribute to the con- 
struct of social vulnerability is debatable. We aimed to 
include as many social variables as possible, in order to 
create a rich and comprehensive measure reflecting, as 
well as possible, the complexity of older adults' social 
circumstances. Since our aim was to be as holistic as 
possible, we included self-esteem and mastery, though it 
could be argued that these are psychological traits and 
not social factors. There is considerable evidence that 
one's sense of control over life circumstances is an im- 
portant contributor to both social status and health, 
and they have been identified as potential mechanisms 
for observed associations between social factors and 
health [14]. Inattention to the relationship between self- 
perception and interactions with others runs the risk of 
fragmenting understanding of the relationship between 
social factors and health status. Our finding that vulner- 
ability in the self-esteem and sense of control domains 
was associated with vulnerability in other domains sup- 
ports the inclusion of these domains in the comprehen- 
sive conceptual model that we propose. The loading of 
individual variables onto domains of social vulnerability 
in the PCA is also of course open to interpretation. For 
example, five variables loaded together onto a domain 
which we have called "social support". Social support is a 
broad construct, which can mean different things in dif- 
ferent settings. Here, our measures of social support are 
based on self-report, and are subjective. They describe 
support of a more emotional than instrumental nature: 



Table 3 Associations of the social vulnerability dimensions with covariates (gender, age, frailty, and education) 



Engagement N = 2516 Contextual SES N = 2342 Support N = 251 2 Living situation N = 2648 Esteem N = 251 2 Control N = 2473 Relations N = 21 88 



Female Gender 


-0.13 (-0.25, -0.01)* 


-0.05 (-0.13, 0.03) 


-0.14 


(-0.23, -0.05)** 


0.52 (0.44, 0.60)*** 


-0.00 (-0.03, 0.03) 


-0.06 (-0.16, 0.03) 


-0.03 (-0.10, 0.05) 


Age (increasing) 


0.01 (-0.01, 0.02) 


-0.00 (-0.01, 0.00) 


-0.01 


(-0.01, 0.00) 


0.03 (0.02, 0.03)*** 


-0.00 (-0.00, 0.00) 


-0.02 (-0.03, -0.01)*** 


0.00 (-0.00, 0.01) 


Frailty (increasing) 


1 .37 (0.77, 1 .96)*** 


0.35 (-0.03, 0.73) 


0.05 ( 


■0.29, 0.58) 


-0.11 (-0.50,0.27) 


0.39 (0.22, 0.55)*** 


2.22 (1.74, 2.71)*** 


0.22 (-0.18, 0.61) 


Education (lower) 


0.42 (0.26, 0.58)*** 


0.34 (0.25, 0.44)*** 


0.05 ( 


-0.06, 0.15) 


0.03 (-0.07, 0.13) 


0.04 (0.01, 0.08)** 


0.02 (0.09, 0.32)*** 


0.06 (-0.03, 0.14) 



Statistically significant associations are indicated by *p < .05 **p < .01 ***p < .001 . The Number of participants included in the regression model for each dimension is indicated. 
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someone to confide in, make one feel loved, offer help in 
a crisis, and give advice, along with a measure of reported 
contact with relatives. If a different list of variables con- 
tributing to overall social vulnerability was used, the fac- 
tor loadings onto domains might be different. This is one 
reason why we find the composite social vulnerability 
index to be a useful approach - it is less dependent 
which specific variables are included or excluded [2]. 

Exploratory analysis of associations between the seven 
identified dimensions of social vulnerability and the co- 
variates age, sex, frailty, and education yielded some 
results that may help to clarify differences in social vul- 
nerability as faced by members of different groups of 
older adults (i.e. the oldest old, women, those with low 
education, and those who are frail). Those with lower 
education reported lower engagement, lower self-esteem, 
lower sense of control, and had lower contextual SES 
(a measure which included neighbourhood educational 
attainment). This is consistent with existing literature 
concerning the importance of education across many so- 
cial measures [64,65]. The more frail people reported 
lower self-esteem and lower sense of control, which sup- 
port assertions of the global importance of frailty and 
function on peoples' self-conceptualization [38]. This 
finding is also consistent with existing literature report- 
ing a link between functional disability, comorbidity, and 
low mastery [66]. It is not surprising that the more frail 
people had lower levels of engagement in social activities. 
Given the functional and illness elements within the def- 
inition of frailty, those who are ill and functionally im- 
paired would likely have a more difficult time travelling 
to and participating in such activities. Taking a bigger 
picture view, frailty and social vulnerability are likely to 
have a reciprocal relationship, though their correlation is 
only moderate [2] . 

In exploratory analyses, increasing age was associated 
with more vulnerability in sense of control and living 
situation (i.e. people were more likely to be widowed 
and/or living alone at older ages). Women had higher 
reported engagement and social support but were more 
vulnerable in their living situation (i.e. living alone 
and/or being single or widowed). Previous analyses 
using the social vulnerability index have found that 
women are more socially vulnerable than men, and that 
in both sexes, higher social vulnerability predicts mor- 
tality independent of age and frailty [2]. The present 
analysis of the constituent domains of social vulner- 
ability helps to clarify this point. Although women may 
have higher social support and engagement, their greater 
vulnerability in living situation (chiefly widowhood and 
living alone) seems to drive their higher levels of over- 
all social vulnerability. This finding suggests that sex 
differences in social vulnerability profiles warrant fur- 
ther study. 



Our findings should be interpreted with caution. The 
factor analysis was limited, as discussed above, and do- 
mains which contribute to social vulnerability merit fur- 
ther study and replication. All measures were based on 
self-report in a large social survey. It is possible that this 
subjective perception of social vulnerability may differ 
from an assessment that is based on more objective 
measures. However, it is also conceivable that a person's 
self-perception of their social circumstances may con- 
tribute to their social vulnerability in important ways 
that are independent of the objective set of circum- 
stances. For example, self-perceived income adequacy 
has been found to be a robust measure of SES in older 
adults [12]. Only all-cause mortality is known in the 
NPHS, so cause of death is not possible to examine, and 
data on other important health outcomes are not avail- 
able. Increases in vulnerability with age were noted, 
though with the study design (a single cohort of older 
adults aged 65+) it is not possible to determine the rela- 
tive contribution of age vs. cohort effects. Additionally, 
although the ecological model of social vulnerability 
considers spheres of influence at group (family, peer) 
and community (institutions, neighbourhoods, and society) 
levels, all measures were based on individual-level data. 
Even the census measures (relative educational attainment, 
income, income inequality, and community caregiving for 
seniors), while not originating direcdy from the individual 
NPHS participants, were aggregated at the EA level from 
individual responses to the 1996 census. There is debate 
surrounding the level, from individual to communal, at 
which some elements of the social context are relevant, 
and as such, how they can be measured [6,67,68]. Ideally 
some group-level measures would have usefully expanded 
the model, though these are difficult to obtain. Some 
suggestions in the literature include assessments of neigh- 
bourhood orderliness (e.g. lack of graffiti and litter, few 
abandoned buildings), civic engagement (e.g. rates of voting 
and newspaper subscriptions) and trust (e.g. gas stations 
not requiring payment prior to gasoline pumping) but 
these measures were not available here [31]. The paucity of 
true ecological measures represents an identified challenge 
for the study of social environments and health [67,68]. In 
a related issue, the true societal level was not well repre- 
sented in our data. Ideally, including an analysis of regional 
policies might strengthen discussion in regard to the soci- 
etal sphere of influence. 

Missing data, due to both non-participation and item 
non-response, present another set of limitations. Individ- 
uals missing the social vulnerability variables were likely 
to be missing several of the individual items. This could 
be due to refusal to answer sections of questions about 
one's private feelings and social circumstances or to the 
problem of proxy respondents not knowing how to an- 
swer personal questions about their loved one. As such, 
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each domain had a slightly different "N" in the statistical 
analyses which we have reported in the Methods section. 
One could take the approach of imputing missing data, 
but if multiple items are missing this could itself com- 
promise estimates. Respondents with missing data were 
likely to be older and more frail. Self-report data of this 
nature in older adults is commonly missing for those in 
whom proxy respondent is used. This "silence by proxy" 
is therefore a limitation of studying self-reported issues 
in frail older people, as the frailest (and arguably those 
for whom assessment and intervention for social vulner- 
ability may be of greatest import) may be unable to an- 
swer for themselves [6,24]. Given this, our estimates of 
the importance of social vulnerability may be conserva- 
tive. In particular, associations with mortality may well 
be conservative given that social vulnerability tends to 
increase with age and frailty [2]. Even so, missing social 
data amongst the oldest and frailest, who are arguably 
among the most vulnerable groups in society, unfortu- 
nately limits our ability to generalize our results to state 
that social vulnerability independently predicts mortality 
in the oldest and frailest community dwellers. Ideally this 
will be a focus of future study, though challenges abound. 
With regard to the issue of survey non-participation, 
it is also reasonable to assume that these factors may 
be associated with non-participation in the NPHS sur- 
vey as a whole (as part of the overall response rate of 
83.6% in the 1994 cycle interview), although these data 
are not published by Statistics Canada. Also relating to 
generalizability, the findings presented here apply to 
older Canadians included in the NPHS sampling frame 
(for example those living on aboriginal reservations, in 
remote Northern communities and on military bases 
were excluded from sampling). They may well be specific 
to a Canadian context, in as much as countries' health 
and social systems differ. Further study of social vulner- 
ability in international settings is warranted. 

Another limitation to our approach is that the seven di- 
mensions of social vulnerability identified here accounted 
for only 47% of total variance. One potential contributing 
factor to the low variance explained is that the social vari- 
ables considered here were not taken from a preexisting 
discrete scale - as we have discussed above, we aimed to 
be as comprehensive as possible in including variables 
which could relate to social vulnerability rather than limit- 
ing our analyses to existing scales of single concepts (e.g. 
only social support, only engagement, only SES...) within 
the NPHS. In any factor analysis, the operator can choose 
to set certain parameters, including the number of factors 
to be discovered. In the course of our analyses, we thought 
carefully about the number of factors to consider, and re- 
peated iterations of the factor analysis specifying different 
numbers of factors. In the end, the model with seven fac- 
tors was the most stable (e.g. converging in a reasonable 



number of iterations, identifying factors which make sense 
in the context of the social ecology theoretical framework 
and maximizing the explained variance), and also captured 
a coherent picture of dimensions of social vulnerability in 
which the loading of individual variables made sense. The 
relatively low percentage of variance suggests that includ- 
ing additional latent factors might improve the descriptive 
power of the approach. Taking this to extremes, a model 
that includes 28 factors would by definition explain 100% 
of the variance; 14 factors would be required to explain 
70% of the variance. This observation supports the idea 
that social vulnerability is a global construct that may be 
best considered as a whole, and that it may not lend itself 
well to being parsed into a small number of defined bits 
for separate analysis of individual social factors, or dimen- 
sions, in isolation. The importance of overall social vul- 
nerability is also supported by our finding (here and 
elsewhere) that the full social vulnerability index, which 
combines all of the social variables, is associated with 
important health outcomes [2-5]. The index approach 
also has the benefit of allowing mathematical modeling 
to be used along with traditional statistical methods. On 
the other hand, it is useful to think about domains of 
social vulnerability as a starting point for considering 
social vulnerability within a theoretical framework, and 
for considering how important demographic variables are 
associated with different aspects of overall social vulner- 
ability, which is why we have undertaken factor analysis 
and the associated exploratory analyses here. Testing this 
framework in other populations and datasets will be im- 
portant in order to investigate whether the dimensions of 
social vulnerability that emerge are consistent or different 
between studies and settings. 

The analysis presented here builds on and comple- 
ments in important ways our prior work on the social 
vulnerability index, which was more empirically and 
clinically grounded [2]. Here we introduce the ecological 
perspective as a conceptual framework for considering 
social vulnerability, which situates the complexity of older 
people's social circumstances within multiple spheres of 
influence. The use of PCA allows for consideration of do- 
mains of vulnerability, which allows exploration of some 
of the questions that have arisen in the course of our 
work - e.g. gender differences in social vulnerability, how 
domains are inter-related, and how they are associated with 
important covariates such as age and frailty. Consideration 
of domains contributing to social vulnerability may also 
allow for identification of contributors to social vulnerabil- 
ity that may be suitable targets for interventions on both 
clinical and policy levels. 

Some may question why it is relevant to add together the 
individual domains to create the summative social vulner- 
ability index. Interestingly, work with index variables done 
by our group and others has shown that adding together 
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many variables, even if each is not individually associated 
or is only weakly associated with an outcome of interest, 
can yield important predictive validity. In this way, an 
index of nontraditional risk factors combine to predict de- 
mentia risk [69], and cumulative accumulation of deficits 
predicts changes in health status and mortality [57,70]. 

Our finding that the global construct of social vulner- 
ability was associated with mortality is consistent with 
previously published findings using the social vulnerabil- 
ity index in the NPHS and Canadian Study of Health 
and Aging [2,4]. It also highlights a challenge for policy 
making, in that it may be difficult to appropriately de- 
sign and target interventions to address overall social 
vulnerability. Few strategies have been proven to im- 
prove the social factors that contribute to social vulner- 
ability, and few social interventions have been rigorously 
studied in relation to health outcomes to date. Further 
research is needed in this area. The ecological perspec- 
tive presented here provides a framework for considering 
potential policy interventions. 

Such interventions could be targeted at each of the 
various levels of influence within the ecological model. 
For example, at the individual level, policies aimed at im- 
proving educational opportunities, pension support, and 
interventions to address frailty and disability could be use- 
ful. Policies to support caregivers might help to enhance 
social support, and facilitation of opportunities to interact 
with friends and peers, though provisions of common 
space in living facilities and support of community groups, 
could improve opportunities for meaningful social engage- 
ment [71]. Age-friendliness of communities is also import- 
ant, and there is potential to mitigate the extent and effects 
of social vulnerability by ensuring that communities are ac- 
cessible to people of all ages and abilities [72] . 

Of note, there is considerable overlap in the spheres of 
influence within the ecological model that many of these 
interventions could influence, which again highlights the 
inter-relationship and inter-connectedness of the differ- 
ent levels from individual to society. For example, care- 
giving and support within a family or peer group relies 
on the individual's willingness to receive support, and 
also relates to norms of caregiving behaviour within the 
broader community. Policies that seek to support care- 
givers could thus be facilitated by, or encounter barriers, 
at numerous levels of the ecological model. From a pol- 
icy perspective, our findings also raise the question of 
whether it is better to implement a number of narrowly 
focused policies, each aimed at a different issue in a dif- 
ferent part of the ecological model, or a single "omnipo- 
licy" which is comprehensive and complex. 

Conclusions 

We have proposed a social ecology perspective on social 
vulnerability which may serve as a useful framework for 



future studies and interventions addressing this import- 
ant issue. We argue that considering social factors that 
influence health within an integrated and comprehensive 
framework rather than one at a time will allow for a 
richer understanding of how social environments affect 
older people's health. Additional study in other samples 
and settings, ideally with different types of methodolo- 
gies and measures, will hopefully further our under- 
standing of social vulnerability among older people. 
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